Terahertz (THz) waves have frequencies in the range of around 0.1 to 10 THz between microwave and optical waves: a region also known as the 'THz gap' due to the lack of many functional devices in this frequency range [1] [2] [3] [5] [6] [7] [8] [15] [16] [17] . The THz spectral region offers higher available bandwidth that is imperative for meeting the ever growing demand for higher data rates 6, 8 . The THz spectral band has the potential to achieve terabits/s data rates over a kilometre distance, which is highly relevant to wireless communication for enabling the internet of things (IoT) with a network of over trillion communicating devices. A critical step needed to achieve this goal is the realization of integrated, low-cost, and efficient solutions for on-chip THz manipulation. Conventional approaches to THz waveguiding include hollow metallic waveguides 10 , metallic transmission-lines 18 , photonic crystals 11 , metal wires 9 , and terahertz fibres 4 . However, such conventional approaches suffer from sensitivity to defects (e.g., fabrication imperfections) and considerable bending losses at sharp bends.
Recent discovery of topological phase of light [12] [13] [14] 19 has provided possible solutions to the above problem. For example, photonic topological insulators (PTIs) [12] [13] [14] PTIs have already shown excellent potential for applications in modern optical devices such as reflectionless waveguides 31 , topological quantum interfaces 32 , topological light sources 33 , topological lasers [34] [35] [36] , topological splitters 23 , and robust delay lines 37 . However, at present, experimental studies on PTIs have been largely limited to microwave 21, 23, 24, 26, 28, 31, 38 and optical frequencies 20, 29, 30, [32] [33] [34] [35] 39 .
Here, building on the topological phase of light, we experimentally demonstrate robust terahertz topological valley transport on all-silicon chips. To best of our knowledge, it is the first time that the topological phase of light has been introduced into the THz spectral. The on-chip VPCs show an additional merit of being extremely low-loss, which is very important for future THz integrated circuits. In our
experiments, we unambiguously demonstrate that valley-polarized topological kink states are very robust and exhibit near unity transmission over a bulk band gap even after passing through ten sharp turns with It is well-known that VPCs feature non-zero Berry curvatures localized at K and K' valleys 26, 28, 29, 41 .
We calculate Berry curvatures based on a first-principle numerical method. Indeed, we find non-zero Berry curvatures localized around different valleys ( Fig. 1(d) ). Additionally, within the same band, these Berry curvatures are identical but opposite in sign for K and K' valleys. Therefore, the total Berry curvature of any single band is zero. This is also guaranteed by the preservation of time-reversal symmetry in our VPC. To visualize the valley-Hall topological phase transition, we numerically obtain the evolution of eigenfrequencies at the K valley for both bands as a function of Δl (Fig. 2(a) ). As shown in Fig. 2a , the obtained results confirm that the polarization of the states is flipped in the phase diagram when Δl crosses zero. While LCP is below and RCP is above on the left side (Δl < 0) in Fig. 2(a) , the polarization flips to LCP above and RCP below on the right side (Δl > 0). This inversion indicates that there are two topologically different valley-Hall phases directly related to the signs of Δl. Our numerical calculations further show that the valley-Chern numbers for these two valley-Hall phases are exactly opposite.
Next, as shown in Fig. 2(b) , we construct a 'kink'-type domain wall between two VPCs with opposite
Δl values. Difference of valley-Chern numbers across the domain wall at K (K') valley is CΔ= ±1 (Fig. 2(c) ).
According to the bulk-boundary correspondence, a pair of valley-polarized topological kink states appears at the domain wall within the band gap: one locked to the K valley propagates forward while the other one locked to the K' valley propagates backward. As shown in Fig. 2 One of the most intriguing properties of topological valley kink states is that they are immune to sharp corners due to the strongly suppressed inter-valley scattering 25, 26, 28, 29, 41 . To demonstrate this property, as shown in Fig. 3(a) , we fabricate a highly-twisted domain wall on a 26 × 8 mm 2 silicon chip with ten sharp corners (with a radius of curvature = 0) including five 120° turns and five 60° turns. To experimentally measure the transmission of topological kink states along the twisted domain wall, we set up an experiment as shown in Fig. 3(b) . The transmission is measured using an electronic-based continuous wave (CW) THz spectroscopic system in a frequency range between 0.30 to 0.37 THz (see Methods).
As shown in Fig. 3(c) , the measured results are compared with the transmission in VPCs comprising either a straight domain wall or no domain wall. A distinct dip in transmission, between 0.32 THz to 0.35
THz, can be clearly seen in a VPC without a domain wall indicating the presence of a bulk band gap. In contrast, the transmission within the band gap is close to unity for VPCs with twisted or straight domain walls. The minimum bending loss is estimated to be < 0.1 dB/bend, which is smaller than that of conventional THz photonic-crystal waveguide with optimization (~0.2 dB/bend) 11 . Although the transmission was similar within the gap, the transmission values for straight and twisted domain walls are different outside the gap due to different scattering mechanisms. We also perform full-wave simulations to visualize the intensity distributions of the magnetic field near the twisted domain wall, as shown in Fig. 
3(d).
It is evident that a kink state smoothly travels through sharp corners with a negligible reflection. These results evince that the topological kink states are immune to sharp bends in our THz photonic chips. The measured bit error rate as a function of data rate is shown in Fig. 4(a) . Clearly, we are able to achieve an error-free (bit error rate < 10 -11 ) transmission at a data rate up to 11 Gbit/s with a carrier frequency of 0.335 THz. Remarkably, the achieved bit rate of 11 Gbit/s is higher than that of conventional THz photonic crystal with bends/turns (1.5 Gbits/s)
11
. Additionally, a clear eye diagram obtained on the screen of the oscilloscope at a data rate of 11 Gbit/s is shown in Fig. 4(b) .
In order to demonstrate the capability of high-speed and high-quality real-time data transmission, as shown in Fig. 4(c) , we set up another experiment for transmitting an uncompressed 4K HD video at a data rate of 6 Gbit/s (see Methods). The transmitted 4K HD video is shown on the monitor in the background. We thus experimentally demonstrate robust photonic transport on low-loss silicon chips using the [44] [45] [46] .
